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INTRODUCTION. 
Although well-known for many years,  the inherent toxic action 
of certain normal blood sera when injected into animals of different 
species, has recently attracted renewed attention owing to the many 
points of similarity in the symptoms of animals dying of such injec- 
tions and of those dying of anaphylactic shock.  The older studies 
Of  phenomena belonging in  this  category  followed closely  in  the 
footsteps of  experiments on  transfusion,  and  as  early  as  1666  a 
commission of  the  London Royal  Philosophical  Society  reported 
deaths  following transfusion, alleging intravascular coagulation as 
the probable cause of death. 
The cause of death following injections of  foreign whole blood, 
blood cells, and serum has, since that time, occupied the attention of 
many workers whose studies need not be reviewed for the purposes 
of this paper.  Chief among them were Magnani, Brown-Sequard, 
Magendie, and, more recently, Naunyn, Landois, and  Ponfick.  1 
The  work  of  Landois  is  of  special  interest  to  us  in  the  present  connection, 
in  that  he  worked  with  blood  serum  free  from  cells,  and  attempted  to  bring 
into relation the occurrences  after the injection of animals  with the action  of the 
serum  upon  the  cellular  blood  elements  in  vitro.  Landois  observed  both  the 
solution  of  hemoglobin  and  hemagglutination,  and  was  led  to  regard  the  action 
of  serum  upon  erythrocytes  as  the  primary  cause  of  death  after  transfusion. 
His  conception  of  the  mechanism  is  apparently  twofold.  On  the  one  hand, 
he  believed  that  when  small  quantities  of  blood  were  transfused,  a  formation 
of fibrin  (stroma-fibrin)  was  initiated  in the  stroma  of  the  injured  erythrocytes 
which  led  to  coagulation  and  thrombosis  in  the  capillaries  of  the  central 
* Received  for  publication,  May  I,  1911. 
1A brief historic review of this  work can be found  in the paper  of  Coca  (I), 
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nervous  system  and  lungs.  In the case of the transfusion  of  rabbits'  blood into 
dogs,  he attributed  death  to embolism in the pulmonary  vessels due to " Massen- 
hafte  Verklebung  der  Kaninchenzellen  im  Hundeblut"--or,  in  other  words,  to 
hemagglutination. 
Ponfick  and  others  have  disputed  the  validity  of  Landois'  conclusions,  but 
the  basic  principles  of  his  explanations  have  been  upheld  within  recent  years 
by workers  who have gone over the  same ground  with  the  aid of  more  modern 
methods.  Two  careful  researches  have  appeared  during  the  last  two  years 
in which  the -problem has  been  approached  by  different  routes,  but  in which  the 
general conclusions show much  agreement.  Coca  (I), investigating the cause  of 
death  following  the  injection  of  washed  blood  cells  into  animals  of  different 
species,  concludes  that,  in  these  cases,  death  is  due  to  mechanical  obstruction 
of  the pulmonary  circulation  owing to  agglutination  of  the  injected  cells.  It  is 
important  to  note,  however,  that  he  adds  in  his  conclusions  the  following 
paragraph:  "The  mere  presence  of  specific  agglutinins  does  not  suffice,  in  the 
injection  of  'toxic'  erythrocytes,  to  occlude  the  pulmonary  circulation.  The 
co6peration  of  another  factor  must  be  assumed--a  factor  probably  found  in 
the  capillary  walls." 
Loeb,  Striekler,  and  Tuttle  (2)  investigated  the cause  of  death  following the 
injection  of  normal  dog  and  beef  sera  into  rabbits.  They  correlated  their 
animal  experiments  carefully  with  the  action  of  the  sera  in  vitro upon  the 
blood  elements  of  rabbits,  and  utilized  the  property  of  hirudin  to  inhibit  the 
coagulation  of  blood,  finding,  in  the  case  of  dog  serum,  that  injections  of 
hirudin,  while  not/  always  preventing  death,  at  any  rate  prolonged  life  or 
necessitated  an  increase  in  the  lethal  dose.  The  conclusions  of  these  authors 
are  as  follows:  " Death  following  the  injection  of  foreign  serum  is  brought 
about by obstruction  of the pulmonary circulation either by heaps  of agglutinated 
erythrocytes  or  by  fibrinous  plugs.  Dog  serum  and  beef  serum  represent  two 
different  types.  In  the  case  of  dog  serum,  hemolysis  of  the  blood  cells  of  the 
recipient  liberates  substances  attached  to  the  stromata,  which  hasten  coagula- 
tion.  In  consequence,  fibrin  is  formed  which  is  carried  into  the  pulmonary 
vessels  and  occludes  them.  In  the  case  of  beef  serum,  death  is  due  to  hemag- 
glutination." 
It is  seen that,  in  the researches  above quoted,  the  death  of animals  induced 
both  by  repeated  injections  of  red  cells  and  that  caused  by  the  single  injection 
of  heterologous  sera  is  attributed  to  the  induced  coagulation  of  blood  or  to 
embolism due  to  hemagglutination. 
Direct  association  of  the  toxicity  of  hemolytic  immune  sera  upon  animals 
with  hemolysis  was,  of  course,  a  thought  suggested  obviously  by  the  early 
work  of  Belfanti  and  Carbone.  Detailed  analysis  of  this  was  carried  out,  in 
19o5,  by  Battelli  (3)  and  more  recently  by  Friedemann  (4),  both  of  whom  see 
definite  reason  for  correlating  this  phenomenon  with  anaphylaxis. 
Battelli,  working with  dog  and  guinea  pig erythrocytes  and  with  rabbits  im- 
munized  with  these  cells,  comes  to  the  following  conclusions :-- 
I.  Extracts  of  the  erythrocytes  of  dogs  and  guinea  pigs  (obtained  by  laking 
with  distilled  water)  produce  fall  of  blood  pressure  and  are  toxic  when  in- 
jected  into  the  veins  of  a  rabbit  immunized  with  these  cells. Hans Zinsser.  27 
2.  Such  an  extract  has  similar  toxic  effects  upon  a  normal  animal  when 
subjected before injection to the action of the serum of an  immunized rabbit. 
3.  The  serum  of  an  immunized  rabbit  has  gained  properties  which  permit 
its transforming inactive substances  of  dog and  guinea pig corpuscles  into toxic 
substances. 
The  results  of  Friedemann  are  similar  in  significance.  This  author,  work- 
ing  on  anaphylaxis  to  erythrocytes  in  rabbits,  found  that  animals  which  had 
been  intravenously  injected  with  beef  blood would  react  with  slight  symptoms 
when  reinjection  was  practised  after  one  week,  and  often  died  when,  after 
another  week,  a  third  injection was  given.  He  found  that  the  toxic action  of 
the  injected  red  blood  cells  was  in  direct  relation  to  the  hemolytic powers  of 
the  sermn  of  the  recipient  rabbit.  When  he  allowed  specific  amboceptor  and 
complement  to  act  upon  corpuscles  in  vitro,  toxic  substances  were  formed 
even before hemolysis had  been  more than  just  initiated,  when  the  supernatant 
liquid  was  still hardly  reddened. 
Friedemann's  results  have  been  corroborated  by  Uhlenhuth  and  Haendel 
(5)  and,  more  recently, by  Doerr  and  Moldovan  (6). 
Both  Battelli's  work  and  that  of  Friedemann  dealt  with  the  study  of  blood 
cells injected into  immunized animals  or  of the  reaction of  such  cells with im- 
mune  hemolytic sera. 
The  toxic  action  of  certain .normal  sera  for  animals  of  different  species 
has  recently  been  discussed  by  various  writers  (Doerr  (7)  and  others)  in 
connection  with  the  work  of  Friedemann,  and  the  opinion  has  been  expressed 
that,  in  principle, both  phenomena  are  closely related,  and  that  both  may prob- 
ably be  accepted as  belonging to  the  category of  anaphylactic  reactions. 
An  analysis  of  the  toxic  action  of  certain  normal  sera  from  this  point  of 
view has  been  made by Uhlenhuth  and  Haendel,  who,  in  studying  the  necrotiz- 
ing action  of  beef  serum injected into  guinea  pigs,  attribute  this  action  of  the 
serum to  a  "complex process  depending upon  the  co/Speration  of  complement," 
but  not  identical  with  the  hemolytic  mechanism.  The  toxic  action  of  such 
sermn,  however, they separate  from the  necrotizing action,  concluding that  this 
is independent  of complement,  and  more thermostabile than  either the  mechan- 
ism  causing  necrosis  or that  responsible  for  hemolysis. 
A  recent  publication  by  Doerr  and  Moldovan  corroborates  the  results  of 
Uhlenhuth  and  Haendel  and,  by  further  experiments,  attempts  to  identify the 
phenomena  observed  with  anaphylaxis.  This  work  will  be  referred  to  in 
another  place. 
I. 
The  observations  which  follow  are  the  result  of  an  attempted 
analysis of the toxic action of normal goat serum upon rabbits. 
The  first experiments  cited  furnish  an estimate  of the  degree  of 
toxicity of the goat serum. 28  Toxic Action of Certain Normal Sera. 
EXPERIMENTS  DEMONSTRATING  THE  TOXIC  ACTION  OF  UNHEATED 
NORMAL  GOAT  SERUM  UPON  RABBITS. 
A  few  only of  these  experiments are  given,  since  they merely 
demonstrate a  well-known fact. 
Goat  /.--Adult  female.  The  serum  of  this  goat  actively  hemolyzed  and 
agglutinated  washed  rabbit  corpuscles.  I  c.c.  caused  almost  complete hemolysis 
of  I  c.c.  of a  IO per  cent.  rabbit  corpuscle  emulsion  in  salt  solution. 
Rabbit  /.--Weight  885  grams.  5  c.e.  of  fresh  goat  serum  injected  intra- 
venously.  Respiratory  difficulty  in  I  minute.  Paralysis  of  hind  legs;  then 
general  convulsions.  Death  in  2  minutes. 
Rabbit  2.--Weight  885  grams.  4  c.c.  of  goat  serum  injected  intravenously. 
Respiratory  difficulty  in  3  minutes.  Micturition  tinged  with  hemoglobin  in  4 
minutes.  General  convulsions  and  death  in  4~  minutes. 
Rabbit  3.--Weight  895  grams.  3  c.c.  of  goat  serum  injected  intravenously. 
Respira{ory  difficulty  in  4  minutes.  Micturition  not  bloody.  Weakness  of 
limbs.  Flattened  out  on  floor  in  5  minutes.  Head  retracted  in  5~  minutes. 
Gasping  respirations,  lay  motionless,  with  occasional  convulsive  twitching  of 
legs.  Died  in  14  minutes. 
Rabbit  4.--Weight  i,ooo grams.  2  c.c.  of  goat  serum  injected  intravenously. 
Miciurition  in  2  minutes.  Gradually  grew  weak  and  sank  to  the  floor.  Flat 
on belly in 8  minutes.  Convulsions  in  54  minutes. 
Experiments with similar results were carried out with the sera 
of two other goats--one  an  adult male,  the other a  female about 
two months old.  The results in all cases showed definite toxicity, 
but  less  marked in  the young goat  than  in  the two  adults.  The 
symptoms following intravenous injection of the goat serum were 
so uniform that they may be summarized as follows :- 
There was always a  definite period of complete well-being after 
injection.  This  varied  from  one  minute, when large  doses  were 
given, to five to ten minutes when the quantities given approached 
the minimal lethal dose. 
In the case of larger doses--five to six cubic centimeters--there 
first  appeared  great  respiratory  distress,  the  respirations being at 
first  rapid  and  shallow,  then  becoming  slow  and  shallow  with, 
finally,  violent efforts  at  inspiration accompanied by  gasping  and 
spasmodic opening of the jaws.  This was rapidly accompanied by 
paralysis, usually beginning in the hind legs.  The animals fell upon 
the  side and  general  convulsions preceded  death,  which  occurred 
in from three to eight minutes. Hans Zinsser.  29 
When the  doses  were smaller,  the onset was  delayed but  again 
began  with  respiratory  difficulty.  This  was  often  followed  by 
micturition which,  in  some cases,  was  hemoglobinuric.  The  ani- 
mals  then gradually sank to  the ground, lying upon the abdomen 
with the limbs  stretched out to  the  sides,  apparently too weak to 
rise.  At this stage, the only symptom of motor irritation was occa- 
sional  intermittent retraction of the  head,  and the  animals would 
often remain in this position until death, gradually sinking into an 
apparently  comatose  condition.  More  often,  convulsions  would 
precede death.  Occasionally the animals would suddenly rise from 
the prone position  and  run about aimlessly, striking against some 
object on the floor.  This  always lasted a  few moments only and 
would end in convulsions and death. 
Autopsy findings will be discussed in another place. 
It was next necessary to determine the effects of inactivation at 
56 ° C. upon the toxicity of the goat serum. 
EXPERIMENTS  WITH  GOAT  SERUM  HEATED  TO  56 °  C.  FOR. TWENTY 
MINUTES. 
These experiments, too, merely corroborate known facts, but they 
constitute a  necessary premise to the work which follows.  There- 
fore a  few only will  be  cited.  In each case the serum was tested 
for its toxicity before inactivation. 
Heated Serum from  Goat /.--Adult  female.  The lethal  dose of  this  serum 
unheated,  tested  at  the  same  time,  was  3.5  c.c.  injected  intravenously  for 
rabbits weighing from 70o  to  8oo  grams. 
Rabb#.--Welght  765  grams.  Received  4  c.c.  of  inactivated  goat  serum 
intravenously.  No  symptoms.  Three  similar  experiments  were  likewise 
negative. 
Heated Serum from  Goat //.--Adult  n/ale.  The  lethal  dose  of  this  serum 
tested on  the  same  day  was  4  c.c.  for  rabbits  of  similar  weight. 
Rabb#.~Weight 850  grams.  Received 5  c.c.  of the  inactivated  serum  intra- 
venously.  No  symptoms.  Two  similar  experiments were  likewise negative. 
Heated  Serum  from  Goat III.--Young  female.  This  serum  gave  severe 
symptoms  in  quantities  of  4  c.c.,  and  killed  in  from  8  to  IO  minutes  when 
5  to  5~  c.c.  were  given. 
Rabbit.--Weight  8o0  grams.  Received  4.5  c.c.  of  the  inactivated  serum 
intravenously.  No  symptoms.  Two  other  experiments  with  4.5  and  5  c.c.  of 
this  serum  were  likewise  negative. 30  Toxic Action of Certain Normal Sera. 
It is thus clear that  inactivation  uniformly destroyed the toxicity 
of the serum. 
In  connection  with  the  experiments  given  above,  the  sera  were 
examined in vitro with  reference to the  action upon washed  rabbit 
corpuscles.  In the case of all three  of the goats,  the  fresh serum, 
tested  on  the  day  on  which  the  animal  experiments  were  done, 
showed marked hemolytic power and definite  hemagglutination  for 
washed  rabbit  corpuscles. 
ACTION  OF  THE  GOAT  SERA  ON  RABBIT  CORPUSCLES  IN  VITRO. 
Goat  I.  (a)  Serum  I  c.c.  +  rabbit  corpuscles  5%  I  c.c.  -t-  salt  solution  3 
c.c  ~  complete  hemolysis. 
(b)  Serum  I  c.c.  -Jr  rabbit  corpuscles  Io%  I  c.c.  -~  salt  solution  3 
c.c.  ~  incomplete  hemolysis. 
Goat  II.  Serum  I  c.c.  +  rabbit corpuscles  5%  I  c.c.  +  salt solution 3  c.c. ~  in- 
complete  hemolysis. 
Goat III.  Serum  I  c.c.  +  rabbit corpuscles 5%  I  c.c. +  salt  solution 3  c.c. =  in- 
complete  hemolysis. 
After heating to 56 °  C.  for twenty minutes,  the serum no longer 
showed  hemolysis,  but  the  hemagglutinative  properties  were  not 
noticeably impaired. 
From  this  it  appears  fair  to  conclude  that,  in  our  experiments, 
hemagglutination  may  be  ruled  out  as  a  cause  of  the  toxicity  of 
the sera. 
The  serum  of  the  same  goat  often  showed  variations,  both  m 
hemolytic  and  in  hemagglutinating  properties  in  specimens  from 
bleedings taken a  few weeks apart.  In one  instance--the case of the 
young  female  (goat'  III)--the  hemagglutinating  property  was  ex- 
tremely  slight.  Nevertheless  this  serum  was  fatal  to  a  rabbit  of 
780 grams in doses of five cubic centimeters. 
In the experiments  cited above, as well as in a  number of similar 
ones,  there  appeared  to be a  rough  parallelism  between the  hemo- 
lytic powers  of  a  serum  and  its  toxicity,  one  cubic  centimeter  of 
the  serum  of  goat  I,  with  a  minimal  lethal  dose  of  two  to  three 
cubic centimeters for rabbits of 700 to 800 grams,  causing complete 
hemolysis of a  5 per cent.  corpuscle emulsion,  while similar  quanti- 
ties of the sera of goats II and III, in whom the lethal  dose varied 
from three and  one half to four cubic centimeters but incompletely Hans Zinsser.  31 
hemolyzed this  quantity  of  corpuscles.  However,  it  was  noticed 
that  serum which had  stood  at  room temperature  for three  days, 
while still hemolytic and hemagglutinating, had often lost much of 
its toxicity. 
Since inactivated  serum was  without  effect upon  the  rabbits,  it 
seemed necessary to  assume that,  if  there were direct relation be- 
tween toxicity and hemolysis, either there was no complement free 
in  the  rabbit's  circulation,  or  rabbit  complement  was  unable  to 
activate the goat amboceptor against rabbit corpuscles. 
The  latter  assumption  was  repeatedly put  to  experimental  test 
as follows :-- 
(I)  Inactive  goat  serum  i  c.c.  -}-  rabbit  corpuscles  5%  I  c.c.  -t-- rabbit  comple- 
ment  0.2  c.c. ~  no  hemolysis. 
(2)  Inactive  goat  serum  I  c.c.  -t-  rabbit  corpuscles  5%  I  c.c,  ~  rabbit  comple- 
ment 0,5  c.c. :  no  hemolysis. 
(3)  Inactive  goat  serum  z  c.c.  +  rabbit  corpuscles  5%  x  c.c,  ~-  rabbit  comple- 
ment  z  c.c. :  no  hemolysis. 
(4)  Inactive  goat  serum  x  c.c.  -t-  rabbit  corpuscles  5%  I  c.¢.  +  rabbit  comple- 
ment  2  c.c. :  no  hemolysis. 
CONTROLS. 
(5)  Active goat serum  I  c.c. -t-- rabbit corpuscles 5%  z  c.c. :  complete hemolysis. 
(6)  Anti-sheep  amboceptor  3  units  +  sheep  corpuscles  5%  I  c.c.  n  u  rabbit 
complement  o.3  c.c.  ~  complete  hemolysis. 
(Ir~  each  case the  total  volume  was  made  up  to  5  c.c.  with  salt  solution.) 
It was thus shown that rabbit complement did not activate ambo- 
ceptor  for rabbit cells, an observation analogous to that  of Uhlen- 
huth  and  Haendel,  who  found  that  guinea  pig  complement  did 
not activate against guinea pig cells. 
Similarly, in vivo : 
A  rabbit  weighing  820  grams  received  intravenously  4  c.c.  inactivated  goat 
serum  -~- 2  c,c.  fresh  rabbit  serum. 
No  symptoms  resulted;  the  rabbit  remained  entirely  well. 
Thus,  rabbit  complement did  not  restore  the  toxicity of  heated 
goat serum for rabbits. 
In connection with the attempted reactivation of goat serum with 
rabbit complement, control experiments were done in which inactive 
goat  serum  was  activated  in  vitro  against  rabbit  corpuscles  with 
guinea pig complement  It was  found that this  could be done,  as 
was to be expected. 32  Toxic Action of Certain Normal Sera. 
REACTIVATION  OF  GOAT  SERUM  WITH  GUINEA  PIG  COMPLEMENT. 
Heated  serum  I  c.c.  +  rabbit  corpuscles  5%  i  c.c.  +  guinea  pig  serum 
o.2  c.c.  +salt  solution  3  c.c.  =  slighi hemolysis. 
Heated  serum  I  c.c.  +  rabbit  corpuscles  5%  I  c.c.  -t-  guinea  pig  serum 
0.5 c.c +  salt solution 3  c.c.  =  complete hemolysis. 
CONTROL. 
Rabbit  corpuscles  5%  I  c.c.  +  guinea  pig  serum  o.5  c.c.  +  salt  solution 
3  c.c.  =  very  slight  hemolysis. 
Readings were taken after three hours at 37.5 ° C. and again after 
six hours at room temperature. 
While guinea pig serum in quantities of 0. 5 cubic centimeter had 
slight hemolytic powers of its own for rabbit corpuscles, it was also 
shown definitely to activate goat serum in these quantities. 
It was of interest to note whether inactive goat serum mixed with 
guinea pig complement would regain its toxicity for rabbits. 
The  following experiments were  done with this point in view. 
Rabbit  /.--Weight  615  grams.  Received  intravenously  4  c.c.  of  inactivated 
goat  serum  together  with  i  c.c.  of  fresh  guinea  pig  serum.  No  symptoms; 
remained  entirely  well. 
Rabbit  2.--Weight  565  grams.  Received  intravenously  4  c.c.  of  inactivated 
goat  serum  together  with  2  c.c.  of  fresh  guinea  pig  serum.  No  symptoms; 
remained  well. 
Rabbit  3.--Weight  74o  grams.  Received  intravenously  4  c.c.  of  the  in- 
activated goat serum together with 4  c.c.  of  guinea pig serum.  Slightly sick  for 
a  short  time,  but  recovered. 
CONTROLS. 
Rabbit  4.--Weight  620  grams.  Received  intravenously  4  c.c.  of  active  goat 
serum.  Typical  symptoms  in 3  minutes.  Died  in convulsions in  5  minutes. 
Rabbit  5.--Weight  680  grams.  Received  intravenously  4  e.c.  of  the  same 
serum  heated  io  56  °  C.  for  2o minutes.  No  symptoms;  remained  alive. 
Because of the slight illness of the third rabbit, and the fact that 
the guinea pig serum had moderate hemolytic power for rabbit cells, 
another control was done in which four cubic centimeters of guinea 
pig serum, with  four cubic centimeters of salt solution, to make up 
the volume equal to that given to rabbit 3, was injected into a  rabbit 
weighing 820 grams.  This rabbit, too, was slightly ill, with appar- 
ent difficulty of respiration and weakness for a short time, but recov- 
ered entirely within ten minutes and remained well. 
It  appears,  therefore, that although  guinea pig  serum,  in vitro, 
reactivates goat serum against  rabbit  corpuscles,  it does  not reac- Hans Zinsser.  33 
tivate  the  toxicity  of  goat  serum.  It  is  not  impossible  that  this 
strange phenomenon is  due to the slower occurrence of the hemo- 
lysis  in  the  case  of reactivated serum.  But  though  such a  possi- 
bility should be considered, the experimental fact seems to point to 
a definite difference between the hemolytic amboceptor and the toxic 
agent. 
II. 
Our preliminary experiments have thus  shown that hemaggluti- 
nation can not be held accountable for the toxic action of the goat 
serum,  and  that  such  toxicity is  intimately dependent either  upon 
the hemolytic properties  of the  serum or,  at  least,  upon  some ele- 
ment  in  the  serum  which  is  equally  heat-sensitive.  In  view  of 
Friedemann's  success  in  producing  poisons  in  vitro  by  allowing 
complement to  act upon  corpuscles  sensitized with  immune ambo- 
ceptor,  it seemed promising to  examine whether similar toxic sub- 
stances could be produced, in vitro, by the action of the goat serum 
upon rabbit corpuscles. 
It was obviously impossible, in our experiments, to separate com- 
plement and  amboeeptor in  the case  of  the  goat serum unless  we 
undertook an extensive search  for some complement which would 
reactivate the toxic property in heated goat serum.  Our mode of 
procedure, therefore, was as follows :- 
Measured quantities of fresh goat serum were mixed with large 
quantities of washed rabbit corpuscles and allowed to stand at 37.5 ° 
C.  for two to three hours, and following this for two to four hours 
at  room temperature  (in  one case over night).  During this  time 
the mixtures were shaken thoroughly a  number of times.  At the 
end  of  this  time  free complement and  hemolytic amboceptor  had 
disappeared  from the  supernatant  fluid,  which was  always  deeply 
reddened owing to hemolysis. 
Complete absence  of complement and  of  amboceptor  for  rabbit 
corpuscles  was  demonstrated  by  centrifugalizing  and  adding  a 
further cubic centimeter of a  Io per cent. rabbit corpuscle emulsion 
to make sure that no further hemolysis would occur.  Some of the 
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sensitized  with  ten  units  of  anti-sheep  amboceptor  to  make  sure 
that there was no free complement3 
When the absence of complement and anti-rabbit amboceptor had 
been proven, the supernatant fluid was  injected into rabbits intrave- 
nously. 
To make sure that resulting symptoms were not due to  the ordi- 
nary  products  of  hemolysis, these  experiments  were  controlled by 
injections of  similar and larger quantities of  blood laked  with  dis- 
tilled water,  of a  color  darker  than the  supernatant fluid described 
above. 
To  insure the  experiment still  further  from  the  source  of  error 
derived from the presence of small numbers of stromata  (due pos- 
sibly to  incomplete cemrifugalization), controls were  injected with 
masses  of  the  stromata  of  rabbit  corpuscles.  The  experiments 
follow. 
Experiment  /.--Goat  I  (adult  female)  was  bled  at  8:30  A.M.  The  serum 
was  removed from  the  clot" by centrifugalization one hour  later. 
The titration of this lot of  serum with  rabbit corpuscles  showed  that  I  c.¢. 
did  not  completely  hemolyze  I  c.c. of  a  IO  per  cent.  emulsion  of  rabbit 
corpuscles. 
Three c.c. of this serum were  fatal in 5 minutes to a rabbit of 625 grams. 
The  following mixture was  made:  15  c.c. of  the  fresh  serum  were  added 
to  15 c.c. of a  50 per cent.  emulsion of washed  rabbit corpuscles.  The mixture 
was  allowed  to  stand  at  37.5  °  C.  for  3  hours  and  at  room  temperature  for 
2 hours.  Centrifugalization yielded a claret red supernatant fluid and a massive 
sediment  of  unhemolyzed  corpuscles.  Further  addition  of  I  c.c. of  IO  per 
cent. rabbit corpuscles gave no further hemolysis  (as controlled by the addition 
of  a  similar quantity of  rabbit corpuscles to blood laked by distilled water  of 
the  same  color  as  the  supernatant fluid). 
One  and  one half  c.c. of  the  supernatant fluid  was  taken  to  represent  ap- 
proximately I  c.c. of  the  original serum. 
Intravenous injection of the supernatant fluid into rabbits yielded the  follow- 
ing results :- 
Rabbit I.--Weight 765  grams.  Received intravenously 4-5  e.c. of the  super- 
natant fluid.  Marked  symptoms in 2  minutes.  Dead  in 4  minutes. 
Rabbit 2.--Weight 1,o3o grams.  Received intravenously 4.5  c.c. of  the  same 
supernatant fluid.  Symptoms in 4  minutes.  Dead  in 7 minutes. 
2The latter test was  actually of  little value, since it was  found that normal 
goat  serum  is  but  weak  in  complement for  sensitized  sheep  corpuscles.  The 
former test,  however,  was  sufficiently  conclusive for  our  purposes. Hans Zinsser.  35 
CONTROLS. 
Rabbit  3.--Weight 625  grams.  Received 3  c.c. of  the  original serum  made 
up  to 4.5  c.c. with  salt solution.  Symptoms in 2  minutes.  Dead  in 4  minutes. 
Rabbit  4.--Weight 6o0  grams.  Received original serum,  inactivated, 3.5  c.c. 
made up to 4.5 c.c. with salt solution.  No symptoms. 
Rabbit  5.--Weight  745  grams.  Received  5  ¢.c. of  blood  hemolyzed  with 
distilled water, of a color slightly darker than the snpernatant fluid injected into 
rabbits x and 2.  No symptoms. 
Rabbit  6.--Weight 76o grams.  Received 9_  c.c. of  the  sediment of  stromata 
resulting from the laking of rabbit's blood with distilled water, the volume being 
made  up  to  4.5  c.c. with  salt  solution.  Seemed  a  little  uncomfortable  imme- 
diately after  the  injection hut was  perfectly well  within 3  minutes. 
Experiment//.--Serum of goat I, taken on day of experiment, causes  almost 
complete hemolysis of I  c.c. of a  io per cent. emulsion of rabbit corpuscles. 
Fifteen c.e. of the goat serum were added to  15 c.c. of  a 25  per cent. emul- 
sion of  washed  rabbit corpuscles.  The  mixture was  allowed to  stand  for  two 
hours  at  37.5  ° C.,  and  following this  for  2  hours  at  room temperature.  After 
centrifugalization the  transparent red  supernatant fluid was  pipetted  away  and 
a part of it tested  for free amboceptor and complement as above,  with negative 
result. 
Rabbit  I.--Weight 540  grams.  Received  intravenously 5  e.e. of  the  super- 
natant fluid.  Symptoms  in 3  minutes.  Dead  in  5  minutes. 
Rabbit 2.--Weight 60o grams.  Received intravenously 4.5 c.c. of  the  super- 
natant fluid.  Symptoms in 3  minutes.  Dead  in 6  minutes. 
Rabbit 3.--Weight  650  grams.  Received  intravenously 4  c.c. of  the  super- 
natant fluid.  Symptoms in I  minute.  Dead in 2~ minutes. 
CONTROLS. 
Rabbit  4.--Weight  655  grams.  Receive6  4  c.c.  of  the  original  serum. 
Symptoms in 3  minutes.  Dead  in  I2 minutes. 
Rabbit  5.--Weight 695  grams.  Received  5  c.e. of  laked  rabbit's blood  (by 
distilled water)  darker in color than the supernatant fluid used above.  Slightly 
increased respirations for  a  few  minutes, then normal. 
Rabbit  6.--Weight 615  grams.  Received  intravenously 5 c.c.  of  laked blood 
as in rabbit 5.  No symptoms. 
Experiments like the ones given above were successful only when 
the  goat  serum had  been taken  not longer than twenty-four hours 
before  the  experiments.  On  two  occasions,  when  the  goat  serum 
had  stood  for  forty-eight hours,  experiments  similar to  those  just 
described, gave, in one case, weak toxic effects only, and in the other~ 
they were entirely negative. 
The  experiments cited  above represent the most striking demon- 
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experiments,  with  slightly  varied  technique,  and  in  some  with  simi- 
lar  technique,  the  toxicity  of  the  supernatant  fluid  was  less  marked 
but  nevertheless  quite  distinct. 
An  example  of  such  an  experiment  follows :- 
Experiment ///.--Serum  of  goat  I.  Fourteen  e.c.  of  the  fresh  serum  were 
mixed with  IO c.c.  of  concentrated  washed  rabbit  corpuscles.  The  mixture  was 
shaken  up  and  allowed  to  stand  at  room  temperature  over  night.  Although 
marked  hemolysis  had  taken  place,  the  mixture  was  again  exposed  to  37.5 °  C. 
for  one  hour  on  the  following morning.  After  this  it  was  centrifugalized  and 
the  supernatant  fluid  decanted. 
Rabbit  z.--Weight  9oo  grams.  Received  3.5  c,c.  of  the  supernatant  fluid 
intravenously.  Became severely sick in 2 minutes.  Remained so for 30 minutes; 
then  gradually  recovered. 
Rabbit  2.~Vgeight  I,OOO grams.  Received  5  c.c.  of  the  supernatant  fluid  in- 
travenously.  Grew  distinctly  sick  in  IO  minutes.  Seemed  to  recover,  but  was 
found  dead  on  the  following  morning. 
Rabbit  3.--Weight  950  grams.  Received  6  c.c.  intravenously.  Extremely 
sick  and  fell to  side  in  2  minutes.  Died  in  4  minutes. 
CONTROLS. 
Rabbit  4.--Weight  960  grams.  Received  5  c.c.  of  faked  rabbit's  blood  (by 
distilled  water).  No  symptoms. 
Rabbit 5.--Weight 850  grams.  Received 3 c.c.  of  sediment  of  stromata  from 
blood  laked  by  distilled  water.  Slight  respiratory  discomfort  for  a  few 
moments;  then  perfectly  well. 
It  seemed  to  us  important  to  determine  whether  or  not  the  quan- 
tities  of  supernatant  fluid  necessary  to  kill corresponded  to  or  were 
larger  or  smaller  than  the  amounts  of  original  serum  represented 
in  them.  For  this  purpose  the  following  experiment  was  done. 
Experiment  IV.--Serum  of  goat  I,  Ten  c.c.  were  mixed  with  IO  c.c.  of  a 
25  per cent.  emulsion of washed  rabbit  corpuscles.  The  mixture  was  allowed to 
stand  at 37.5  ° C.  for 4 hours.  At the end of this time 2 c.c.  of 50 per cent.  rabbit 
corpuscle  emulsion  were  added,  and  no  further  hemolysis  was  noted  after 
observation  for  one  half  hour.  The  mixture  was  then  eentrifugalized  for  20 
minutes,  after  which  there was  a  tightly  packed  sediment  of  cells  and  stromata 
measuring 2  c.c.  and a  supernatant  fluid of nearly  18 c.c.  (The discrepancy  was 
probably  due  to  spilling  during  manipulation  and  loss  in  transfer  to  the 
centrifuge tubes). 
As  nearly as  we could estimate,  then,  the supernatant  fluid contained  in  each 
1.8  c.c.,  about  I  c.c.  of  original  serum. 
Rabbit  L--}Veight  525  grams.  Received  5  c.c.  of  the  supernatant  fluid. 
Died  in  convulsions  in  2  minutes. 
Rabbit  2.--Weight  74o  grams.  Received  4  c.c.  of  the  supernatant  fluid. Hans  Zinsser.  37 
Very sick in 3 minutes.  Urinated.  Front legs paralyzed in 6 minutes.  Lay flat 
without moving for 15 minutes; then gradually recovered. 
Rabbit  3.~VVeight  575  grams.  Receive8  3.6  c.c. of  the  supernatant  fluid. 
Distinctly sick  in  3 minutes.  Very sick in  6 minutes;  staggered and  lay prone 
with  respiratory  distress.  Very sick  for  30  minutes;  then  recovered. 
Rabbit  4.--Weight  620  grams.  Received  2  c.c. of  the  original  serum,  cor- 
responding  to  the  amount  of serum  in  3.6  e.c. of  the  supernatant  fluid.  Dis- 
tinctly  sick  in  IO minutes.  Remained  so  for  thirty  minutes;  then  recovered. 
Rabbit 5.--Weight 7o0 grams.  Received  2.8  c.c. of the  original serum,  cor- 
responding  to  the  amount  of  serum  represented  in  5  c.c. of  the  supernatant 
fluid.  Very sick in 3 minutes.  Remained so for 30 minutes  and fell on its side; 
outcome  doubtful  for  one  hour,  bu~  gradually  recovered. 
It  appears  from  this  experiment  that  the  toxicity  of  measured 
quantities  of the  supernatant  fluid,  corresponds,  with  fair accuracy, 
to  the  toxicity  of  the  amounts  of  original  serum  contained  in  it. 
This,  incidentally,  precludes  the  possibility  of  attributing  the  tox- 
icity  of  the  supernatant  fluid  of  our  mixtures  to  traces  of  unab- 
sorbed  hemolytic  amboceptor  or  complement  remaining  in  it. 
It  was  found,  furthermore,  that  heating  the  supernatant  fluid 
of goat  serum absorbed with  rabbit  corpuscles to  5 6o  C.  destroyed 
its  toxic  properties,  as  it  did  those  of  the  original  serum.  This  is 
illustrated  in  the  following  protocol. 
Rabbit  /.--Weight  745  grams.  Received  4.5  c.c. of  supernat'ant  fluid,  as  in 
the  preceding  experiment.  Died  in  4  minutes. 
Rabbit  2.--Weight  70o  grams.  Received  4.5  c.c. of  the  same  supernatant 
fluid  heated to  56  °  C.  for 20  minutes.  No  symptoms. 
Rabbit  3.--Weight  750  grams.  Received  5  c.c. of  heated  supernatant  fluid. 
No  symptoms. 
We  may  summarize  the  experimental  facts  so  far  obtained  as 
follows :- 
Normal  goat  serum  is  toxic  for  rabbits,  when  intravenously 
injected,  in  doses  varying  from  two  to  five cubic  centimeters.  In 
vitro,  the  goat  serum  hemolyses  and  hemagglutinates  rabbit  cor- 
puscles.  When  heated to  560  C.,  the goat serum loses its toxic and 
hemolytic properties but not its hemagglutinating  property. 
The  addition  of  fresh  rabbit  complement  to  inactivated  goat 
serum  reactivates  neither  hemolysis  nor  toxicity.  The  addition  of 
fresh  guinea  pig  complement,  however,  reactivates  the  hemolytic 
but not the toxic property. 38  Toxic Action of Certain Normal Sera. 
When  fresh,  toxic goat  serum is  mixed with  a  large  excess of 
washed  rabbit  corpuscles  until  no  further  hemolysis  takes  place 
and until all determinable traces of amboceptor and complement for 
rabbit  cells  have disappeared,  the  supernatant  fluid  of  such  mix- 
tures is toxic in the same way as the original serum.  This toxicity 
does not depend upon the products of laked blood  in  it,  nor upon 
unremoved  stromata.  The  toxicity,  also,  is  proportionate  to  the 
amount  of  original  serum  contained  in  the  injected  quantity  of 
supernatant fluid and is destroyed by heating to  5  6o  C., as was the 
toxicity of the original  serum. 
These  experimental  facts  permit  us  to  conclude  that  the  toxic 
action  of  the  goat  serum  upon  rabbits  does  not  depend  on  its 
hemagglutinins  for  rabbit  corpuscles,  and  that  this  toxicity  is 
directly dependent upon the co6peration of a  heat-sensitive body in 
the serum. 
Whether or not we can identify the toxic factors with the hemo- 
lysins in the serum is difficult to decide.  Our experiments in which 
goat serum was exposed to an excess of rabbit corpuscles and found 
toxic  after complete removal of hemolytic amboceptor or  comple- 
ment permit of a twofold interpretation.  On the one hand, we may 
assume that the hemolytic serum acting upon the erythrocytes has 
produced from them a toxic body analogous to the poisons obtained 
in  Friedemann's experiments by the action of immune amboceptor 
and  complement upon  red  cells,  and  belonging to  the category of 
Friedberger's  (8)  "anaphylatoxins." 
On the other hand, it is not impossible that the removal of hemo- 
lytic amboceptor and  complement  from the goat  serum,  as  in  our 
experiments, may have left unchanged in the serum a  heat-sensitive 
toxic body, either simple or as an amboceptor-eomplement complex, 
independent of hemolysins.  The writer believes the latter state of 
affairs to be more probable  for the  following reasons :-- 
I.  Attempted  reactivation  of  the  toxic  action  of  heated  goat 
serum  with  guinea  pig  complement  was  unsuccessful,  while  its 
hemolytic properties were thus easily reactivated. 
2.  The  toxicity  of  the  goat  serum  seemed  to  disappear  more 
rapidly on standing than did its hemolytic properties. 
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of supernatant fluid  from mixtures of  cells and  serum  (in  which 
hemolytic complement and  amboceptor have been used up)  corre- 
sponded with considerable accuracy to  toxic  doses of the original 
serum. 
4.  The toxicity of the supernatant fluid of the mixtures of serum 
and  cells  above  described,  freed  of  hemolytic  complement,  was 
destroyed by heating to 56 ° C. 
We may sum up this part  of the work briefly, then, by stating 
that  the  toxic  action  of  goat  serum  for  rabbits  depends  upon  a 
heat-sensitive factor independent of hemagglutinins and probably of 
hemolysins.  Whether this toxic factor is a preexisting heat-sensitive 
poison or whether it  is  a  complex mechanism of complement and 
amboceptor, producing a toxic substance by action on rabbit proteid, 
can  not  at  present  be  decided.  The  parallelism  Of  toxicity  and 
hemolytic properties  of  sera,  together  with  certain  analogies  of 
these  phenomena  with  those  observed  by  Friedemann  (where 
immune  amboceptor  and  complement,  acting  on  red  blood  cells 
produced  poisons  before  actual  hemolysis  took  place),  cause  us 
to  favor the latter view.  It may be suggested that possibly we are 
dealing  with  a  substance  like  the  hypothetical  "albuminolysin" 
of Nicolle  (9). 
This thought is further strengthened by the experience of Battelli 
in which, it will be remembered, the toxic bodies resulted from the 
action of immune sera not on red blood cells but on red blood cell 
extracts. 
IlL 
The  question  also  arises  whether  the  phenomena observed  by 
us may be classed with true anaphylaxis.  Friedemann in his work 
on  the  toxic  substances  liberated  from  erythrocytes  by  immune 
sera,  regards the phenomena observed by him as  beyond question 
anaphylaxis,  and  Doerr,  casually  referring  to the toxic  action of 
normal sera expresses the belief that this, too, must be regarded as 
anaphylactic in nature.  Kraus  (Io),  on the other hand,  is unwil- 
ling to accept this interpretation. 
While  we  believe  that  it  is  extremely  probable  that  the  phe- 
nomena  following the  injection of  normal toxic  sera  into  rabbits 40  Toxic Action of Certain Normal Sera. 
and  other susceptible animals  are  closely allied  to true  anaphylaxis, 
we do not think  that,  at present,  there  is positive proof of such an 
identity.  It  appeared of value,  therefore,  to work out for the con- 
dition  studied by us some of the phases  which may eventually help 
in  deciding  its relation  to anaphylaxis. 
I.  Autopsy Findings.--None  of the  rabbits  killed  either  by nor- 
mal  serum  or by the  products  formed  in  the  test  tube experiments 
showed  the  inflated  lungs  described  for  typical  anaphylaxis  in 
guinea pigs by Gay and  Southard  (I I ),  Auer and Lewis  (I2),  and 
others.  In  all  cases,  if  the  animals  were  examined  immediately 
after  death,  the  lungs  were  found  to  be empty,  but  the  heart  was 
still  weakly  beating  and  continued  so  often  for  several  minutes. 
Coagula were found in the right  auricle  in two cases only, in which 
the  animals  had  died  within  less  than  four  minutes.  When  the 
animals  lived  for longer  than  this,  blood coagulation  was not pres- 
ent  when  immediate  examination  was  carried  out.  In  a  number 
of  these  animals,  careful  dissection  of  the  larger  pulmonary  ves- 
sels  immediately  after  death  revealed  no  clots.  In  fact,  in  a 
number  of cases the  blood  observed  in  the  lnesenteric  veins  could 
be seen to remain fluid  for as long as twenty to thirty minutes after 
death.  What  relation  blood  coagulation  has  to  this  condition  in 
our  cases,  must  be  left  undecided.  However,  we  do  not  believe 
that  coagulation  can be justly regarded  as the  immediate  cause of 
death  except, possibly, in the  few cases in which death  occurred  in 
less than  three  or four minutes.  The  complete and  rapid  recovery 
of  underdosed  animals  would  also  argue  against  this.  In  a  few 
cases, hemoglobinuria and transudation  of hemolytic serum into the 
peritoneal cavity were observed.  Other gross changes were absent. 
Histological examinations  were not made. 
2.  Fall of Temperature.--The  characteristic  fall of temperature 
described by Pfeiffer  (I3)  has indeed been present in our cases, but 
this,  inasmuch  as  our injections  were necessarily made  with  active 
serum,  has little significance,  since Ranzi  (I4)  has  shown that  nor- 
1hal  sera  may  produce  rapid  temperature  depression  in  normal 
animals  on  first  injection.  Drops  of  from  two  to  three  degrees 
were often noticed in our cases within twenty minutes. 
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after injection of normal sera into animals has been noted by Doerr 
.and  Moldovan.  It  is  an  occurrence  which  we  would  not  expect 
since, in the mechanism studied by us, the complement of the rabbit 
seems  to  take  no part  in  the  resulting reaction.  Nevertheless,  the 
complement  was  measured  a  number  of  times  with  very  uniform 
result.  Two  of these  titrations were  as  follows:-- 
COMPLEMENT  TITRATION  BEFORE  AND  AFTER  INJECTION  OF 
NORMAL  GOAT  SERUM. 
A  rabbit  weighing 895  grams  was  bled  from  the  ear  just  before  injection 
and  was  given  intravenously 3.5  c.c. of  fresh  normal  goat  serum.  It  became 
severely sick  after  eight  minutes and gradually grew  worse  during the  course 
of an hour.  At the  end of this time, blood was taken from the carotid.  Com- 
plement titration was  carried  out by adding increasing quantities of  the  rabbit 
serum to  sheep  corpuscles  activated with  6 units of  anti-sheep amboceptor. 
Complement.  Hemolysis  before Injection.  Hemolysis One Hour after Injection 
o.I  c.c.  Very  slight  None. 
0.2  c.c.  Distinct.  Very slight. 
o.3  c.c.  Almost  complete.  Distinct. 
o.4 c.c.  Complete.  Almost  complete. 
0.5  c.c.  "  Almost  complete. 
0.6 c.c.  "  Complete. 
0.7 c.c. 
0.8  C.C.  " 
0.9 c.c. 
I.O  e.g. 
A  similar experiment resulted as  follows: 
Complement  Hemolysis before Injection.  Hemolysis One Hour after Injection. 
o.i  c.c.  Very  slight.  No  hemolysis. 
o.e c.c.  Distinct.  Very  slight. 
o.3  c.c.  Almost complete.  Distinct. 
o.4 c.c.  Complete.  Almost complete. 
0.5  c.c.  "  Complete. 
o.6 c.c.  "  " 
o.7  c.e. 
0.8  C.C.  " 
0.9 e.c.  "  " 
I.O  C.C. 
In  view  of  the  large  quantities of  rabbit  complement  necessary 
for  activation  of  the  complex,  it  did  not'  seem  necessary  to  use 
complement dilutions. 42  Toxic Action of Certain  Normal Sera. 
In  all  cases  there  was  a  distinct  diminution  of  complement,  in 
spite  of the  non-participation  of the  complement  of the  subject in 
the  reaction.  Yet  this  diminution  was  proportionately  less  than 
that  observed in the case of true  anaphylaxis. 
4.  Anti-Anaphylaxis.--Rabbits  which  had  recovered  from  sub- 
lethal  doses of goat serum  showed no  increased  resistance  to  sub- 
sequent  injections.  This  was  observed  even  after  two  or  three 
injections  had  been given  on the  days immediately preceding.  No 
experiments  were  made  to  ascertain  whether  or  not  prolonged 
treatment would immunize.  It appears certain,  however, that noth- 
ing truly akin to anti-anaphylaxis  takes place.  This  fact, like some 
others,  is given  for record,  though  it  is,  of course, understood that 
anti-anaphylaxis  even in typical experiments  is of uncertain  occur- 
rence in  rabbits. 
5.  Fall  of  Blood  Pressure.--The  blood  pressure  of  rabbits  in- 
jected  with  goat  serum  was  taken  in  the  usual  manner  from  the 
carotid  artery.  The  results  showed  in  all  cases  a  preliminary  rise 
of  pressure  followed  in  large  animals  given  moderate  sublethal 
doses  by  a  slight  fall,  and  soon  returning  to  normal.  When 
younger rabbits were given lethal  doses, sufficient in amount to kill 
within  six to seven minutes,  the preliminary  rise  of blood pressure 
was  of short  duration,  followed within  two  or three  minutes  by a 
rapid  falling  of the  pressure  progressively continuing  until  death2 
6.  Etherization.--Ether  narcosis  did  not,  in  any  of  our  experi- 
ments, prevent death when lethal doses of goat serum were given. 
7.  Atropin.--This did not prevent death nor did it seem to reduce 
the  speed or violence.of symptoms. 
The  preceding  experiments  are  cited  simply  because  the  writer 
believes  that  they  may  aid  in  more  accurately  defining  the  phe- 
nomena following the injection of toxic normal sera into susceptible 
animals.  It  does not seem justifiable,  on available  evidence,  how- 
ever,  to  assume,  at  present,  an  identity  of  these  phenomena  with 
anaphylaxis.  While such a  possibility must be considered,  it would 
seem  that  more  proof  should  be brought  forward  before the  two 
8We  are  indebted to  Professor Alber~  C.  Crawford  for  advice  in  carrying 
out  these tests. Hans  Zinsser.  43 
conditions  can  be  fully  identified,  as  has  been  done  by  some  recent 
writers. 
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